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We have been examinin~ the emission speccra from laser-induceu

breakdown plasmas as a technique for atomic Identification. The :oncept

is straightforwa~d and the apparatus simple (see Fig. 1); the plasma is

a bright source requiring little s~btlecy to resolve. By adding tinw

resolution to the detector, onc moves from LIBS (Laser-induced Broak+own

Spectroscopy) to TRELIBS (Time-Rusolvcd LIBS) and for most casrs gains

considerahlc sensitivity. Our applications havt’ mostlv bern atmrd iIt

thr detection of trarr constlturnts. The only pruvious usu of this

tcchniquth of which WCIar~’ aw;lrr was a miwsuremen~ of th~l fu~~l/;llr ratios

in comhustlonm
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while the experiment wa~ carried out. The spectral line at 213.1 nm

is interesting on two counts: first, it is the lonRest-lived ionic

line we have seen (by the 1 VS delay of chi~ trace, most ionic lines

have died out, but this one persists for mor,” than 10 Ils. ..see Fig. 8);

and second, the dip in t!lc center of thc~ line Indlcatcs St’lf-i3bSorpL~CMI

in the cooler enwlopr of the plasma. In Fig. 8, wc show t!lo rime

developmrmt of thfs particular line. The s~’lf-absorption 1s quite

strong at the first two dclavs, and the third is ‘till SIJS~LJL.t . Tht’

last LWO time d~’lays show both tll~i rxtrcmu]y lrmg-livrd rharn(mt~’r of

this ionic llnc and th~’ latl’-timt~ shnrpcn!ng of lint’s thut normnlly

occurs as Lht’ elertron d~’nsltv dimlnishos.

ThLI usr of TRELIBS for rt’al-time monitoring of airhorrn’ bl’rvlllum

shown in FIRs. 9 find If). In both cas:s ~hc block was irrm.llatlwl, movlxl

out of thtl bvarn as quirk]v n’: poH~IbltI, and thm LIIL*detl”rtlnn SWtIII

bt’gun. Tn Fig. 9 thi’ nlr In tll(’LII1l was unstfrrwl, rusul:lnl: In tll~.

largl’ signal n~ rarlv timi’s frtlm ;1 IIIv,I1 locnl rnnrmtratl~m. Th I s

gradually full to n ncvndv-statr lrv~I! H* thl’ p]nsmu Hhcwks dlsp~’r~ivl

thr sampl(’m In Figm Itl tlw: illr was stlrr~d with an lnturn;il i:ln, giving

a moro constant ul~nal. III both l“iIsl’H, thr run w:ls turmlnntwl hv Pum;llnt:

on onu” end of tlw rv~l and adr Ittlng air to tli(’ nthrr rnd. i’ffi’rtlv(’1~’

flushln~ out the hwvllium. ThtI ~lgnal rrxponsv to thi- nctlon wa:I

oennlbly inntantans.ouH.

Thp laser ahlatlon torhnlqut’ put n vcrv ~milll mn~~ of h(’rvlll~ml

into tht~ air, but It IN dlffirtllt to ~~timnt~’ lust how omall thnt ~;impll’

WuN. Varlou# ilpllroarh?m wrro trird (thrrmndvnanlt’, photon numbcr~ and

mlrfnc~’ work fuuctiom, etc.) and rt’mlltv.! in r~tlmatr~ of tt~u b~ rvl]li’m
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mass in the plasma ran~ing from picograms to nanograms. ?’his issut’

was fulther confused by trials in which the cell, after some usage, wa.c

taken apart, washed, reassembled, pumped nut, and then filled with air.

Aftr=r a short time the 317.1 nm line reappeared afwin in the ostensihlv

clean cc’11, but would disappear if the cell WPTC flushed with fresh

air. The amount of bervllium that would bc rc-emitted off the walls of

Lhc crll undur thestj conditions is not f,hlt to he largt’.

Our aim was to dtwulop real-time techniques for atomic detection

wi:tl roasonablc sensftivltf’, Wr ari’ pursuing a vrrv promisinR approach

tO Lhis ~Oal, and l)avu dc=monstr~tcd real-tirnt’ results und~’r difficult

field conditions. Wr stmsitlvitlcs havt’ surpnsq(.wl our prc~cnt abilitv

to m~,~surc th(’m, wIIicll jS grat.(fvlng but will lvati to a gr~lat deal

morij work, W’hlltl w~t ~,.d mainlv intundcd to address applications to

hostllt’ cmviornrncnts that rrquired non-lnvnslvr :cchniquc’s, it is

apparent that LIBS and TRF.1.lHS wIII he quit(’ us(’ful In mnrc mundarn’

siLuaf !cins.
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CAPTIONS

Figure 1: A schematic of the apparatus required to conduct LIBS (as shown)

or TRELIBS (by adding a spect~al detector ~lth time resolution). The

particular s !up shown W:S used in our coal gasifier field tests;

many other types of sample cells and detectorg have been used.

Figure 2: The spectrum generated in an atmospheric pressure N2 sample at

various time delays. This illustrates the Reneral behavior seen in

TRELIBS; at early time ionic lines and continuum domtnate, to be

replaced by neutral lines of increasing sharpness and contrast at

later times.

Figure 3: TRELIBS s~ec~ra for an atmosphere of 02, nominally 99.92 pure.

In addition to the trends seen in the N2 spectra, the late appearance

01 hvdrogen lines shows how well trace impurities ?an be seen at late

times.

Figure 4: A survey spectrum from the coal gasifier runs, showing the

whole wavelength ranKe detectable with the diode arrav. The desirm.1

sodium and potassium lines are amounp the strongest szen.

Figure 5: A comparison of the sodium D lines as seen in the Easifler runs,

*.. in a laboratory experiment with a powdered coal sample. The

Ra~ifier spectrum 18 felt to come predominantly from ash particles

which contain some four times as much audlum as the coal.

Figure 6: A group of phosphorus lines detected from a sample of the orRana-

phcsphate DIMP. Positive identification was made both by wavelrngtl)

determinations and a comparison te t}le cmlculat~d intannitie~ shown

below.
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Figure 7: The TRELIBS spectrum of beryllium In air at a delay of 1 Ls.

The ionic line at 313.1 exhibits both abnormally long life and a

self-absorption dip.

Figure 8: A further exploration of the character of the 313.1 nm

beryllium line as a functior of delay time. Because of the evident

self-absorption, it is only at late times that the amplitude of the

line reflects the actual concentration of the sample. This 1s bv far

the longest-lived ionic line we have seen.

Figure 9: An example of monitoring the presence of bervllium in a closed

cel i. The sa-:ple was created by laser ablation shortly before zero

Limi , and is dispersed onlv bv the shock waves of the 1O-HZ breakdown.

The cell was purged at 55 seconds.

Figure 10: As in Fig. 9, hut with a internal fan in the cell dispersing

the beryllium vapor. The purging of the CC1l at 65 seconds was a~ain

reflected by the diminution of the siRnal.
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